Persistent polychlorinated biphenyl (PCB) metabolites were studied with respect to their interaction with the human glucocorticoid receptor (GR). 3-Methylsulphonyl-2,5,6,2',4',5'-hexachiorobiphenyl (3-MeSOr-CB149) was shown to compete with 3H-dexametbasone for binding to the GR, with an IC50 (concentration that inhibits 50%) ofapproately 1 pM. Using GRAF cells expressing human GR, glucocorticoid responsive element, and a reporter enzyme, we demonstrated that 3-MeSO2-CB149 fimctionally acts as an antagonist at the GR (IC50 m 2.7 pM). In accordance with the receptor binding, the anagoniism mainly appeared to be of a competitive nature. When studying the competitive binding of 24 methylsulfonyl PCBs (relative to dezamethasone) to GR from mouse liver cyrosol, seven compounds had a higher affinity to GR than 3-MeSO2-CBI49. Structure-activity relationship studies indicated that the presence of three chlorine atonms in the ortho-position and chlorine and methyl sulfone groups on either end of the molecule (4 and 4'-position) inased the affinity to GR. The relevce of this finding for human health is not known, but PCB methyl suifones are ubiquitous pollutants present in mother's milk. The results tress the need for studying endocrine disruptors that afict hormonal systems other than sex and thyroidogenic hormones. Key work endocrine disruptor, glucocorticoid receptor, methyl sulphone, PCB, polychlorinated biphenyls, xenobiotic.
http://ehpnetl.niuhs.nih.gov/does /1 1106p769-772johannon/abstrwhstm1
A lot of attention has been focused on the ability of environmental pollutants to affect estrogen homeostasis, e.g., by binding to the estrogen receptor as agonists or antagonists, thereby affecting the sex differentiation of organisms (1, 4 . Little concern has been paid to the ability of pollutants to interfere with other steroid hormone receptors such as the glucocorticoid receptor (GR), although benzpyrene, for example, has been shown to affect the GR density in rats (3) .
The decreasing populations of gray seals (Halichoerus grypus) and harbor seals (Phoca vitulina) from the heavily polluted Baltic Sea suffer from a disease syndrome suggested to be caused by an increased exposure to glucocorticoid hormones (hyperadrenocorticism) (4) . The syndrome is characterized by claw deformations, skin abnormalities, adrenocortical hyperplasias, osteoporosis, uterine lesions, and an impaired immune system. However, the two most abundant pollutants in the Baltic, i.e., polychlorinated biphenyls (PCBs) and dichlorodiphenyl dichloroethylene (DDE), have not been shown to elicit all these effects in any experimental animals. A possible explanation for some of these symptoms is that environmental pollutants may act as glucocorticoid agonists or antagonists, thereby interrupting glucocorticoid homeostasis in the animals.
The present study was undertaken to investigate if environmental pollutants have affinity to the GR or interfere with the glucocorticoid signaling pathway. We used human and mouse GRs for the binding studies and a well-defined cellular system (human GR and GR responsive elements transfected into CHO cells) for effect studies. As prototype chemicals, some methylsulfone metabolites of PCBs and DDE were chosen. Methylsulfonyl PCBs are the third most abundant pollutants in, for example, Scandinavian and Canadian biota (5), but are still seldom studied with respect to biological effects. 3-Methylsulfonyl DDE is an adrenocortical toxicant following metabolic activation by a steroid (CYP 1iB1) hydroxylase (6) . The effects of the xenobiotics were compared with that of RU486, a drug that acts as a competitive antagonist at the GR. RU486 inhibits cortisol-dependent functions in vivo in humans, which, due to the feed-back systems, increases the plasma levels of adrenocorticotropic hormone (ACTH) and cortisol (7, 8) .
Materials and Methods
Reagents and supplies. The used methylsulfonyl PCBs and 3-methylsulfonyl DDE (3-MeSO2-DDE) (see Table 1 ) were synthesized according to Bergman and Wachtmeister (9, 10) and Haraguchi et al. (11 
Results
The ability of the xenobiotics to compete with 3H-dexamethasone for binding to human GR is shown in Figure 1 . 3-MeSO2-CB149 (Fig. 2) (Fig. 3) . 3-MeSO2-DDE decreased ALP at 10 pM, but a very steep dose-response curve and severe signs of toxicity at 25 pM make interpretation of these data difficult (data not shown). Finally, 3-MeSO2-CB101 had no effect on the dexamethasone-dependent induction ofALP.
To assess the nature of the inhibitory effect of the xenobiotics on GR-mediated induction of ALP, the effect of the xenobiotics was compared with that of RU486, a competitive antagonist to GR. As shown in Figure 4A , RU486 competitively antagonized the effect of dexamethasone (RU486 dose-dependently increased the EC50 of dexamethasone, but did not affect the maximum induction mediated by dexamethasone). 3-MeSO2-CB149 also dose-dependently increased the EC50 of dexamethasone, indicating a competitive antagonism (Fig. 4B) . However, maximum induction by dexamethasone was affected at 5 pM, showing a mixed type of antagonism at higher exposure levels. 3-MeSO2-DDE showed a high toxicity at 10 pM, implying that toxicity is probably the cause of the noncompetitive antagonism seen at 5 pM (data not shown). 3-MeSO2-CB101 (0.5-5 pM) did not antagonize the effect of dexamethasone.
The binding of 3-MeSO2-CB 149 to GR led us to screen 24 methylsulfonyl PCBs for their affinity to GR in mouse liver cytosol. As shown in Table 1 , several methylsulfonyl PCBs bound to GR with a higher affinity than did 3-MeSO2-CB149. The effect of one of the potent methyl sulfones, 4-MeSO2-CB 149 (IC50 15 PM; see Fig. 2 for structure), is shown in Figure 5 together with effects of 3-MeSO2-CB 149 (IC50 >30 pM), the endogenous substrate corticosterone (IC50 40 nM), and unlabeled dexamethasone (IC50 10 nM). 3-MeSO2-DDE did not compete with dexamethasone for binding to mouse GR (data not shown).
Discussion
The present study shows that the PCB methyl sulfone 3-MeSO2-CB149 has an aifinity to human GR and appears to competitively antagonize the effects of the endogenous hormone, similarly to the drug RU486. When comparing 3-MeSO2-CB149 with RU486, the relative affinity of 3-MeSO2-CB149 to GR (IC50 = 1 pM) is almost 1,000-fold less than that of RU486 (data not shown). Still, 3-MeSO2-CB149 was active in GRAF cells at a concentration of 500 nM. The inhibitory effect of 2-5 pM 3-MeSO2-CB149 on dexamethasone-dependent ALP induction in cells was comparable to that of 10 nM RU486, indicating that the potency in cells of 3-MeSO2-CB149 is 200-500 times less than that of RU486. However, 3-MeSO2-CB149 may not be the most potent PCB methyl sulfone, as indicated by a fourfold higher affinity of 4-MeSO2-CB149 than of 3-MeSO2-CB149 to mouse GR Considering the high in vivo persistency of 3-MeSO2-CB149, in contrast to the fairly rapid metabolism of RU486 (tl2 = 20 hr in man) (15) we suspect that the difference in biological potency between these compounds in vivo is less than that observed in vitro. (21, 22) . Likewise, DDT and corticosterone induced a similar pathological development in amphibians, which was interpreted as a potential corticosterone-mimicking action of DDT (23) .
In conclusion, several PCB methyl sulfones have affinity to GR, which may affect the glucocorticoid homeostasis. Therefore, the concern for endocrine disruptors should also be directed towards the glucocorticoid system.
